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Abstract
A new binding protein, which recognizes a specific peptide sequence from pronase digested bovine L-glucuronidase, has
been isolated from bovine liver membranes. Prior work has shown that this peptide (IIIb2) contains a Ser^X^Ser sequence,
where X might be a posttranslational modified Trp. This receptor was detergent-extracted from total bovine liver membranes
and purified by affinity chromatography on a bovine L-glucuronidase^Sepharose and a IIIb2 peptide^Sepharose column.
Binding of bovine L-glucuronidase to the isolated receptor requires divalent cations, and their presence was necessary to
maintain the receptor^ligand complex. Only the peptide sequence containing the fraction IIIb2 was able to impair the
binding of the bovine enzyme to the receptor, no other peptide from bovine L-glucuronidase had an effect on binding. When
analyzed by SDS^PAGE under reducing conditions, two bands were observed, a major band of 78 kDa and a faint band of
72 kDa. Rabbit antibodies against this binding protein revealed the presence of the 78 kDa protein in membranes from
bovine liver, human and bovine fibroblasts. These antibodies impaired human fibroblasts endocytosis of the bovine but not
of the human L-glucuronidase, which is taken up by a 300 kDa receptor that recognizes phosphomannosyl moieties in the
enzyme. ß 2001 Elsevier Science B.V. All rights reserved.
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cytosis
1. Introduction
Although the mannose 6-phosphate (Man6P) rec-
ognition pathway is clearly important for the target-
ing of acid hydrolases to lysosomes, the existence of
an alternative route for endocytosis and lysosomal
targeting of acid hydrolases by human ¢broblasts
has been suggested [1^4]. Several groups have sup-
ported the idea that adsorptive endocytosis of bovine
L-glucuronidase by human ¢broblasts is mediated by
two di¡erent membrane receptors: one that recog-
nizes phosphomannosyl residues on the enzyme, the
other a yet unde¢ned recognition marker [5^7]. Ini-
tially, it was found that rat and bovine L-glucuroni-
dase endocytosis by human ¢broblasts was unaf-
fected by Man6P or after treatment with alkaline
phosphatase [5^7]. Additional observations, from
our laboratory, have corroborated this hypothesis;
bovine L-glucuronidase endocytosis is una¡ected
by: (a) alkaline phosphatase, endoglycosidase H or
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F treatment, (b) weak bases that inhibit the endocy-
tosis of acid hydrolases containing the Man6P recog-
nition marker, and (c) polyclonal antibodies against
the cation independent mannose 6-phosphate recep-
tor (CI-M6PR) that impair human ¢broblast endo-
cytosis of the L-glucuronidase containing Man6P [7].
Furthermore, we have isolated a peptide from bovine
L-glucuronidase that behaves as a competitive inhib-
itor for the endocytosis of this acid hydrolase [8].
Antibodies raised against this peptide impair endo-
cytosis of the bovine but not the human L-glucuro-
nidase by human ¢broblasts, which implies that the
new recognition marker for endocytosis of acid hy-
drolases might reside in a single discrete stretch of
amino acid sequence. This peptide contains a Ser^X^
Ser sequence, where X is probably a posttranslation-
ally modi¢ed Trp [8].
Binding of bovine L-glucuronidase to human ¢bro-
blast membranes was competitively inhibited by the
isolated peptide, divalent cation dependent and not
a¡ected by mannose 6-phosphate (Man6P)[8]. Puri¢-
cation of the peptide containing the recognition
marker for endocytosis of bovine L-glucuronidase
by human ¢broblasts, and the binding properties of
this enzyme to membranes have allowed to design a
protocol to isolate the proposed endocytic receptor.
In the present study we report the isolation and a
partial characterization of a Man6P-independent bo-
vine liver receptor that binds to bovine L-glucuroni-
dase with the same properties as those described for
the binding of this acid hydrolase to human ¢bro-
blast membranes.
2. Materials and methods
2.1. Cell culture
L-Glucuronidase-de¢cient cell line (GM0) was ob-
tained from the American Type Culture Collection.
Bovine ¢broblasts (A-2) were kindly provided by Dr
W.S. Sly, St. Louis University Medical School, MO.
Cultures were maintained in Eagle’s minimal essen-
tial medium (MEM), supplemented with 10% heat-
inactivated fetal calf serum (Grand Island Biological
Co., Grand Island, NY)/1 mM sodium pyruvate/100
U/ml penicillin and 100 Wg/ml streptomycin sulfate
[9].
2.2. Enzyme preparation
Human L-glucuronidase from platelets and bovine
liver L-glucuronidase were puri¢ed as previously de-
scribed [9]. Enzyme activity was determined £uoro-
metrically; one unit of activity was de¢ned as the
amount of enzyme that catalyzed the release of one
nmol of 4-methylumbelliferone per hour [10].
2.3. Internalization experiments
L-Glucuronidase-de¢cient ¢broblasts, grown in 24-
well tissue dishes, were exposed to bovine L-glucu-
ronidase in 0.2 ml of MEM (without sodium bicar-
bonate) containing 1 mg/ml of bovine albumin and
0.025 M BES (MEM-BES) (pH 6.8^7.0). After 2 h
incubation at 37‡C, dishes were chilled on ice and
rinsed six times with ice-cold phosphate-bu¡ered sa-
line (PBS). Cell-associated L-glucuronidase was mea-
sured in cells disrupted with 0.5 ml of 0.2% sodium
deoxycholate. The rate of enzyme internalization was
expressed as units of cell-associated L-glucuronidase/
mg of cell protein per hour [11]. Protein was assayed
by the Lowry method [12].
2.4. Preparation of a⁄nity columns
Either 45 mg of bovine liver L-glucuronidase (Sig-
ma Chemical Co., St. Louis, MO) after puri¢cation
in a G-200 Sephadex or 45 mg of bovine liver L-glu-
curonidase puri¢ed in the laboratory were coupled to
10 ml CNBr-Sepharose 4B (Pharmacia Biotech,
Uppsala, Sweden) as described by the manufacturer.
After overnight incubation at 4‡C, the unreactant
groups were neutralized by adding 2 ml ethanol-
amine. After an additional 2 h at 4‡C the beads
were washed alternately with 0.1 M sodium acetate
(pH 4.0) and 0.1 M NaHCO3 (pH 8.3) each contain-
ing 0.5 M NaCl. Fraction IIIb2 isolated from bovine
L-glucuronidase (20 Wmoles) was coupled to 40 ml of
CNBr-Sepharose 4B as described above.
2.5. Receptor puri¢cation from bovine liver
membranes
Bovine liver tissue (500 g) was homogenized with a
Polytron homogenizer in 1.5 l of 10 mM Tris^HCl
bu¡er (pH 6.0) containing 1.25 M NaCl/15 mM
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EDTA/0.1 mM phenylmethylsulfonyl £uoride
(PMSF) and the homogenate was stirred 30 min at
4‡C. Membranes were pelleted by centrifugation
(15 000Ug for 30 min) and washed once by resus-
pending in 1 l of the same bu¡er. Washed mem-
branes were extracted with 2 l of acetone. Membrane
acetone powder (50 g) was suspended in 500 ml of 20
mM Tris^HCl (pH 7.0)/0.4 M KCl/2% Triton X-100/
0.1 mM PMSF stirring overnight at 4‡C. The recov-
ered supernatant by centrifugation and the Triton-
resistant residue were extracted once more in the
same bu¡er. The recovered supernatant was pooled
and adjusted to 10 mM CaCl2, MgCl2 and MnCl2
and immediately added to 30 ml of bovine L-glucuron-
idase^Sepharose beads. After overnight incubation
at 4‡C, the beads were collected on a fritted glass
funnel, washed extensively with 25 mM maleate/
BES (pH 7.0)/10 mM CaCl2/10 mM MgCl2/10 mM
MnCl2/2% Triton X-100/0.1 mM PMSF (bu¡er A)
and then with the same bu¡er except that Triton X-
100 was used at 0.05% (bu¡er B). The material re-
tained in this a⁄nity column was eluted with bu¡er
B containing 5 mM EDTA but no divalent cations.
The EDTA eluate was adjusted to a ¢nal concentra-
tion of 10 mM CaCl2, MgCl2 and MnCl2, and then
incubated with 30 ml Fraction IIIb2^Sepharose
beads. After overnight incubation at 4‡C, the beads
were collected on a fritted glass funnel, washed with
bu¡er B and eluted with bu¡er B containing 5 mM
EDTA but no divalent cations. The protein-contain-
ing EDTA elutions were pooled. Attempts to iodi-
nate the binding protein were unsuccessful due to the
poor 125I incorporation to the puri¢ed binding pro-
tein and because this protein lost its binding activity;
so eluted material from columns was determined by
monitoring the absorbance at 280 nm. Samples con-
taining Triton X-100 were concentrated by the meth-
od of Ozols [13] which includes: deoxycholate^tri-
chloroacetic precipitation, dialysis against sodium
dodecyl sulfate (SDS) and EDTA, lyophilization
and detergent removal with acetone/glacial acid/tri-
ethylamine (90:5:5). Protein was determined by the
method of Peterson [14]. The receptor activity was
stable for at least 1 month at 370‡C. Starting with
500 g of bovine liver the yield of each receptor is
approximately 0.5 mg.
2.6. Polyacrylamide gel electrophoresis (PAGE)
Samples were precipitated for electrophoresis as
described by Ozols [13]. SDS^PAGE was carried
out according to Laemmli in 8% gel slabs [15].
Although 2 Wg protein were loaded per well, protein
staining using Coomassie brilliant blue, amido black
and copper, did not lead to detection of any band in
contrast to good staining results in control proteins.
Poor staining was obtained with silver nitrate [16,17]
or by a Biotin-blot total protein stain (Bio-Rad Lab-
oratories, Hercules, CA), after proteins were trans-
ferred from SDS^polyacrylamide gel to nitrocellulose
as described by the manufacturer.
2.7. Western blot analysis
Con£uent cell monolayers of L-glucuronidase de¢-
cient ¢broblasts were chilled to 4‡C, washed twice
with 5 ml of ice-cold 10 mM NaCl/2.5 mM KCl/25
mM BES and 25 mM maleic acid (pH 7.0) (SSMB
bu¡er) and scraped from the dish with a rubber po-
liceman. Cells were centrifuged, the cell bottom was
resuspended in 2 ml of the SSMB bu¡er, containing
100 Wg/ml deoxyribonuclease/50 Wg/ml ribonuclease/
0.1 mM PMSF and 2 mM EDTA. Cells were dis-
rupted by freezing in liquid nitrogen 20 min, thawing
and £ushing the suspension through a 22-mm needle.
Lysates were centrifuged at 50 000Ug for 15 min at
4‡C, and the bottom was resuspended in SDS^PAGE
loading bu¡er. After incubation in ice for 30 min,
samples were centrifuged 20 min at 50 000Ug and
supernatants recovered. SDS^PAGE was conducted
under reducing conditions in a slab gel containing
8% acrylamide [15]. Samples were electrotransferred
to 0.45 Wm nitrocellulose (Bio-Rad) in a Transblot
apparatus for 80 min at 190 mA, similar to the meth-
od ¢rst described by Towbin et al. [18]. Non-speci¢c
binding sites were blocked by immersing the mem-
brane in SSMB bu¡er containing 2% polyvinylpyrro-
lidone (PVP) and 0.02% Tween-20. Membranes were
washed with SSMB bu¡er. The blot was incubated
with rabbit antiserum for bovine liver 78/72 kDa
protein. Blots were analyzed with antirabbit IgG per-
oxidase (Zymed Laboratories, San Francisco, CA)
and developed with 4-chloro-1-naphthol (CN).
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2.8. Binding assays
Either 100 ng per well of bovine liver membranes
after the Triton X-100 step extraction or 10 ng per
well of puri¢ed receptor fraction were pulled through
a nitrocellulose membranes (0.45 Wm) in a Bio-Dot
micro¢ltration apparatus (Bio-Rad). Non-speci¢c
binding sites were blocked with 0.4 ml SSMB bu¡er
(pH 7.0) containing 2% PVP, 20 Wg ovalbumin and
0.1% Tween-20 (blocking bu¡er); membranes were
washed with SSMB bu¡er and thereafter, 10 000
units of bovine L-glucuronidase ligand in 0.4 ml of
blocking bu¡er containing 10 mM CaCl2, MgCl2,
MnCl2, were pulled past the membrane. Bound en-
zyme was measured by adding a rabbit anti-L-glucur-
onidase antibody and thereafter an antirabbit IgG^
HRP antibody. Membranes were washed with SSMB
bu¡er. Peroxidase was developed with CN.
2.9. Antibodies preparation
Puri¢ed bovine L-glucuronidase (100 Wg) or 78/72
kDa protein (50 Wg) or peptide containing the recog-
nition marker coupled to ovalbumin (100 Wg) were
mixed with an equal volume of Freund’s complete
adjuvant and injected subcutaneously in New Zea-
land rabbits. Before the ¢rst injection, preimmune
serum was obtained. At 2, 4 and 8 weeks rabbits
were busted with the same concentration of antigen
and equal volume of Freund’s incomplete adjuvant.
Two weeks later antigens were adsorbed to alumi-
num hydroxide adjuvant and injected at the marginal
ear vein. At 4 days animals were bled. Immune sera
were adsorbed to a Protein A^Sepharose column
(Zymed), IgG was eluted with 0.1 M citrate, immu-
noglobulin fractions were precipitated with 50% am-
monium sulfate (pH 7.0), resuspended and dialyzed
against SSMB bu¡er.
3. Results
3.1. Puri¢cation of a bovine L-glucuronidase binding
protein from bovine liver membranes
As reported earlier, the endocytosis of bovine
L-glucuronidase by human ¢broblasts is mediated
by a Man6P-independent receptor [8]. The recogni-
tion marker for this Man6P-independent endocytosis
system might reside in a peptide (IIIb2) isolated from
pronase digested bovine L-glucuronidase [9]. These
observations are illustrated in Table 1, which shown
that endocytosis of human L-glucuronidase by hu-
man ¢broblasts was inhibited by 10 mM Man6P,
but endocytosis of bovine liver L-glucuronidase was
not a¡ected by this sugar. In contrast, endocytosis of
bovine L-glucuronidase was inhibited by 50 WM of
the IIIb2 fraction. This fraction had no inhibitory
e¡ect on endocytosis of the human L-glucuronidase
by human ¢broblasts.
Liver was chosen as a convenient source of start-
ing material for large-scale preparation of the endo-
cytic receptor of bovine liver L-glucuronidase. Bind-
ing of the bovine liver L-glucuronidase to bovine
liver has the same properties as those reported for
binding and pinocytosis of bovine liver L-glucuroni-
dase to human ¢broblasts [8]. Binding assays were
carried out in a dot blot micro¢ltration apparatus
to detect the receptor during its puri¢cation. A liver
bovine membrane acetone powder preparation was
incubated with 2% Triton X-100. Extracted material
was adsorbed to a nitrocellulose membrane, bovine
L-glucuronidase was used as ligand. Enzyme bound
to receptor was detected by adding a rabbit anti-L-
glucuronidase antibody and thereafter an antirabbit
IgG^HRP antibody. As shown in Fig. 1, binding of
bovine L-glucuronidase to bovine liver membranes
was cation dependent (Fig. 1e,f), but not impaired
by Man6P (Fig. 1f). Binding was not detected in
the absence of cations (Fig. 1c) or when cations
were present only when membranes were incubated
with bovine L-glucuronidase but not in the subse-
quent washes and immunoglobulin exposures (Fig.
Table 1
E¡ect of inhibitors on pinocytosis of L-glucuronidase to human
¢broblasts
Added inhibitor Concentration L-Glucuronidase
endocytosis (% of
control)
Human Bovine
Man6P 10 mM 5 96
IIIb2 50 WM 94 8
Fibroblast monolayers were incubated for 2 h at 37‡C with
1000 units of human or bovine L-glucuronidase and in the pres-
ence or absence of the indicated inhibitors.
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1d). These results indicate that the presence of diva-
lent cations was necessary to maintain the receptor^
ligand complex.
To purify the receptor, a two-step isolation proce-
dure was developed. Detergent-solubilized mem-
branes were adsorbed to a bovine L-glucuronidase^
Sepharose column in the presence of divalent cations.
Then the column was extensively washed with bu¡er
A containing divalent cations and 2% Triton X-100,
thereafter with bu¡er B containing 0.05% Triton X-
100. Since we were able to purify limited amounts of
the fraction IIIb2, protein adsorbed to the column
was eluted with 6 column volumes of bu¡er B (with
no divalent cations) containing 10 mM EDTA and
0.05% Triton X-100. The eluted material was ad-
justed to 10 mM CaCl2, MgCl2 and MgCl2 and ad-
sorbed to a fraction IIIb2^Sepharose column; after
extensive washing with bu¡er B, the column was
eluted with the same bu¡er containing 10 mM
EDTA.
The isolated binding protein was concentrated by
the Ozols procedure [13]. Eluted material was ana-
lyzed on SDS^PAGE under reducing conditions.
Two bands were observed, a major band that mi-
grated with an apparent molecular size of 78 kDa
and a fainter band of 72 kDa (Fig. 2). Although
2 Wg protein were loaded per well, protein staining
using Coomassie brilliant blue, amido black and cop-
per did not lead to the detection of any band in
contrast to good staining results in control proteins.
Poor staining was obtained with silver nitrate or by a
Biotin-blot total protein stain after proteins were
transferred from SDS^polyacrylamide gel to nitrocel-
lulose. No bands were detected when the isolated
binding protein was analyzed on SDS^PAGE under
non-reducing conditions, nor with a periodic acid^
silver stain for carbohydrates, suggesting that this
protein is not a glycoprotein [17,19]. The molecular
size of the sample appeared to be smaller (65/63
kDa) when the isolated binding protein was concen-
trated by the addition of trichloroacetic acid, meth-
anol, acetone or by membrane ultra¢ltration (not
shown).
3.2. Binding properties of isolated bovine liver
receptor
We next compared the binding properties of bo-
vine L-glucuronidase to the puri¢ed protein with
those obtained for the binding of this enzyme to
the liver membrane Triton X-100 extracted proteins.
About 10 ng of puri¢ed protein were dotted per well.
The binding of bovine L-glucuronidase to the puri-
¢ed receptor as a function of ligand concentration in
Fig. 2. Western blot of the puri¢ed L-glucuronidase bovine liver
membrane receptor. Puri¢ed receptor was analyzed by SDS^
PAGE (8% acrylamide) under reducing conditions. Proteins
were transferred then to nitrocellulose membranes, and were de-
tected with the Biotin-blot total protein stain kit.
Fig. 1. Bovine L-glucuronidase binding to bovine liver mem-
branes. Triton X-100 extracted proteins (100 ng/well) from bo-
vine liver membranes were pulled through a nitrocellulose mem-
branes (0.45 Wm) in a Bio-Dot micro¢ltration apparatus. Non-
speci¢c binding sites were blocked. Then 0.4 ml of blocking
bu¡er containing 10 000 units of bovine L-glucuronidase (b^f),
10 mM Man6P (f) and 10 mM CaCl2, MgCl2, MnCl2 (a,b,d^f)
were pulled past the nitrocellulose membrane. All washes and
immunoglobulin exposures were performed in the absence (c,d)
or presence of cations (a,b,e,f). Bound L-glucuronidase was de-
tected by adding a rabbit anti-L-glucuronidase antibody (a,c^f)
and thereafter an anti-rabbit-IgGHRP antibody. Peroxidase was
developed with CN.
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the medium is shown in Fig. 3. Bovine L-glucuroni-
dase bound to the puri¢ed protein seems to be ligand
concentration dependent. Binding of this acid hydro-
lase was divalent cation dependent (Fig. 4A). The
presence of divalent cations during washes or anti-
body additions was necessary to maintain the recep-
tor^ligand complex. Mannose and Man6P had no
detectable e¡ect. No binding was detected when hu-
man L-glucuronidase was the ligand (Fig. 4B).
Table 1 shows that the IIIb2 peptide, isolated from
pronase digested bovine L-glucuronidase, inhibits en-
docytosis of bovine L-glucuronidase by human ¢bro-
blasts. We then explored if other peptides generated
from pronase digested bovine L-glucuronidase are
able to inhibit the binding of the enzyme to the iso-
lated receptor. Digested bovine L-glucuronidase was
fractionated in a Sephadex G25 column. Four peaks
were obtained (not shown). Fractions included in
each of the observed peaks were pooled and desalted
in a Sephadex G10 column [8]. As shown in Fig. 5A,
only fraction IIIb was able to inhibit the binding of
bovine L-glucuronidase to the receptor. Consistently,
the inhibitory capacity of this fraction was concen-
tration dependent (Fig. 5B). About 500 WM of frac-
tion IIIb was necessary to inhibit binding bovine L-
glucuronidase to the isolated receptor. A lower con-
centration (50 WM) of this fraction inhibited endocy-
Fig. 3. Binding of bovine L-glucuronidase to puri¢ed receptor
as a function of bovine L-glucuronidase concentration. Puri¢ed
receptor (10 ng/well) from bovine liver membranes was pulled
through a nitrocellulose membranes (0.45 Wm) in a Bio-Dot mi-
cro¢ltration apparatus. Non-speci¢c binding sites were blocked.
Then, increasing concentrations of bovine L-glucuronidase in
0.4 ml of blocking bu¡er containing divalent cations were
pulled through the membrane. All washes and immunoglobulin
exposures were performed in the presence of cations. Bound
L-glucuronidase was detected as described in Section 2.
Fig. 4. Binding properties of the cation dependent puri¢ed re-
ceptor from bovine liver membranes. Puri¢ed receptor (10 ng/
well) from bovine liver membranes was pulled through a nitro-
cellulose membrane (0.45 Wm) in a Bio-Dot micro¢ltration ap-
paratus. Non-speci¢c binding sites were blocked. (A) 0.4 ml of
blocking bu¡er containing 10 000 units of bovine L-glucuroni-
dase (b^f), 10 mM Man6P (d), 10 mM mannose (e) or 10 mM
CaCl2, MgCl2, MnCl2 (a,b,d^f) were pulled through the nitro-
cellulose membrane. All washes and immunoglobulin exposures
were carried out in the absence (b,c) or the presence of cations
(a,d^f). (B) 0.4 ml of blocking bu¡er containing divalent cati-
ons, 10 000 units of human L-glucuronidase (b,c), and 10 mM
Man6P (c) were pulled through the nitrocellulose membrane.
All washes and immunoglobulin exposures were performed in
the presence of cations. Bound L-glucuronidase was detected as
described in Section 2.
Fig. 5. Inhibitor e¡ect of bovine L-glucuronidase peptides on
binding of bovine L-glucuronidase to the puri¢ed receptor. (A)
Puri¢ed receptor (10 ng/well) from bovine liver membranes was
pulled through a nitrocellulose membrane (0.45 Wm) in a Bio-
Dot micro¢ltration apparatus. Non-speci¢c binding sites were
blocked. (A) Fractions isolated from pronase digested bovine L-
glucuronidase in the presence of 1200 U of bovine L-glucuroni-
dase and divalent cations were pulled through the nitrocellulose
membrane. (B) Increasing concentrations of fraction IIIb in the
absence (a) or in the presence of 1200 U of bovine L-glucuroni-
dase and divalent cations were pulled through the nitrocellulose
membrane. All washes and immunoglobulin exposures were per-
formed in the presence of cations. Bound L-glucuronidase was
detected as described in Section 2.
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tosis of the bovine acid hydrolase in the experiment
described in Table 1; however, a purer fraction
(IIIb2) was employed in that experiment.
3.3. Preparation and characterization of receptor
antibodies
Antirabbit antibodies were raised against the puri-
¢ed protein. To con¢rm that puri¢ed binding pro-
teins from bovine liver membranes indeed corre-
spond to the receptor responsible for endocytosis of
bovine L-glucuronidase by human ¢broblasts, the
ability of raised antibodies against the 78/72 kDa
protein to inhibit the pinocytosis of bovine acid hy-
drolase was investigated. Cultures were incubated for
24 h in the presence of human or bovine L-glucuro-
nidase and IgG antibodies against the 78/72 kDa
proteins. Under these conditions, antibodies were
able to inhibit 68% of the uptake of the bovine but
not of the human L-glucuronidase by human ¢bro-
blasts (Table 2). No further inhibition of endocytosis
of the exogenously added bovine L-glucuronidase
was obtained by increasing the concentration of
added antibodies, possibly because the antibodies
against 78/72 kDa bovine liver isolated protein rec-
ognizes epitopes not exposed at the cell surface or
not related directly with the receptor binding site.
Since we were not able to detect bands when the
isolated binding protein was analyzed on SDS^
PAGE under non-reducing conditions, the molecular
mass of the binding protein was investigated in bo-
vine liver membranes by Western blotting. Prepara-
tions of SDS-extracted bovine liver membranes were
denatured in the absence or in the presence of 2-mer-
captoethanol; after electrophoresis, samples were
electrotransferred and the nitrocellulose membrane
incubated with raised antibody and with goat anti-
rabbit peroxidase antibodies. Only the 78 kDa pro-
tein was detected under reducing conditions. How-
ever, when liver membranes were SDS-extracted and
denatured in the absence of 2-mercaptoethanol, three
bands were obtained with a molecular size of 165,
135 and 58 kDa (Fig. 6). Bands of higher molecular
mass were not present in all receptor preparations.
3.4. Presence of isolated receptor in di¡erent cell lines
The presence of the 78/72 kDa protein was inves-
tigated in bovine liver membranes, human and bo-
vine ¢broblasts by Western blotting. Preparations of
SDS-extracted total membranes were obtained from
bovine liver, from GMO (human L-glucuronidase
de¢cient cell line) and A2 (bovine ¢broblasts cell
line). Extracted proteins were denatured in the pres-
ence of 2-mercaptoethanol; SDS^PAGE was con-
ducted under reducing conditions, samples were elec-
trotransferred and the nitrocellulose membrane
Table 2
Inhibition L-glucuronidase uptake by anti 78/72 kDa immuno-
globulins
Rabbit IgG (100 Wg/ml) L-Glucuronidase endocytosis
(% of control)
Human Bovine
Pre-immune 0 0
Immune 0 32
Human ¢broblasts were incubated in the presence of human
(5000 U) or bovine (20 000 U) L-glucuronidase and in the pres-
ence or absence of preimmune or immune immunoglobulin G.
After 24 h at 37‡C, cell-associated L-glucuronidase was mea-
sured.
Fig. 6. E¡ect of mercaptoethanol on L-glucuronidase bovine liv-
er membrane receptor. Liver bovine membranes were extracted
with an SDS^PAGE loading bu¡er in the presence (A) or ab-
sence (B) of mercaptoethanol. Soluble material was subjected to
SDS^PAGE. Samples were electrotransferred to nitrocellulose
membranes and incubated with rabbit anti 78/72 kDa bovine
receptor immunoglobulins and thereafter with a antirabbit IgG^
HRP antibody. Peroxidase was developed with CN.
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incubated with raised antibody against the 78/72 kDa
protein and with goat antirabbit peroxidase antibod-
ies. As shown in Fig. 7, the 78 kDa protein was
present in the three membrane preparations; the
smaller bands di¡er depending on the membrane
source, being 72 kDa for bovine liver membranes,
74 kDa for the bovine ¢broblasts cell line and 76
kDa for the human cell line. Alternatively, nitrocel-
lulose membranes containing the bovine liver recep-
tor were incubated with bovine L-glucuronidase in
the presence or absence of divalent cations. Both
78 and 72 kDa proteins recognizes bovine L-glucur-
onidase when cations are present (not shown). These
results suggest that the 78 kDa protein is present in
human and bovine membranes. Di¡erences in the
smaller bands might be due to the way of processing
the 78 kDa protein by cells from di¡erent sources or
to protease digestion during protein extraction.
4. Discussion
Prior work has shown that endocytosis of bovine
L-glucuronidase by human ¢broblasts might be medi-
ated by the existence of a Man6P-independent recep-
tor for the recapture and targeting to lysosomes [7].
Binding properties of bovine L-glucuronidase to hu-
man ¢broblast membranes support the idea that an-
other lysosomal binding protein must exist in these
cells. The new binding protein was distinguished
from the CI-M6PR receptor mainly by two proper-
ties: ligand speci¢city and divalent cation require-
ments [8]. In the current work, a Man6P-independent
membrane protein that speci¢cally binds bovine
L-glucuronidase has been isolated from Triton
X-100 extracts of bovine liver membranes. The re-
ceptor has been isolated by puri¢cation by a⁄nity
chromatography on bovine L-glucuronidase^Sephar-
ose 4B and IIIb2 fraction^Sepharose 4B, peptide iso-
lated from this acid hydrolase. The binding protein
can be adsorbed to both a⁄nity columns in the pres-
ence of divalent cations. To elute the receptor from
a⁄nity columns, due to the limited amount of IIIb2
fraction that we are presently able to isolate, we took
advantage of the fact that binding bovine liver L-glu-
curonidase to receptor is reversible in the absence of
divalent cations with a cation free bu¡er in presence
of EDTA. Divalent cation requirement, ligand spe-
ci¢city, molecular mass and endocytosis blocked by
speci¢c antibodies allows to assume that the new
receptor is not related to the acid hydrolase CI-
Man6P receptor.
Two proteins were isolated from bovine liver mem-
branes which have an apparent molecular size of 78
and 72 kDa when analyzed by SDS^PAGE under
reducing conditions. The 78 kDa protein was present
in membrane preparations from di¡erent sources.
The smaller band has a di¡erent molecular mass de-
pending on the membrane source, being of 72 kDa
for bovine liver membranes, 74 kDa for the bovine
¢broblasts cell line and 76 kDa for the human cell
line. For the time being, we cannot determine if the
presence of a smaller molecular mass band is due to
diverse ways of processing the 78 kDa protein by
cells from di¡erent sources, or to protease digestion
during puri¢cation. A major band with molecular
mass of 58 kDa and two weaker bands of 165 and
135 kDa were observed under non-reducing condi-
tions. Shifts in electrophoretic mobility from 58 to
78 kDa can probably be attributed to disruption by
2-mercaptoethanol of intra-chain disul¢de bridges,
Fig. 7. Presence of cation dependent bovine L-glucuronidase re-
ceptor in mammalian cells. Membranes from L-glucuronidase
de¢cient human ¢broblasts (A,D), bovine ¢broblasts (B,E) or
bovine liver (C,F) were extracted with SDS^PAGE loading
bu¡er containing mercaptoethanol. Soluble material was sub-
jected to SDS^PAGE under reducing conditions. Samples were
electrotransferred to nitrocellulose membranes and incubated
with preimmune (D^F) or with rabbit anti 78/72 kDa bovine
receptor immunoglobulins (A^C) and thereafter with an anti-
rabbit IgG^HRP antibody. Peroxidase was developed with CN.
BBAMCR 14721 13-4-01
A. Gonza¤lez-Noriega, C. Michalak / Biochimica et Biophysica Acta 1538 (2001) 152^161 159
resulting in an expanded structure of lower electro-
phoretic mobility than that of the structurally more
compact non-reduced form of the protein [19]. Pres-
ence of higher molecular mass detected under reduc-
ing or non-reducing conditions in some preparations
suggest that receptor might be aggregated by non-
intermolecular disul¢de bonds. This phenomenon
has been reported for integral membrane proteins
containing long hydrophobic sequences [20]. Consis-
tent with this hypothesis is the fact that the isolated
binding protein was not stained by Coomassie bril-
liant blue, amido black and copper, and poor stain-
ing was obtained with silver nitrate or by a Biotin-
blot total protein stain. These dyes principally react
with arginine residues and to a lesser extent with
histidine, lysine, tyrosine, tryptophan and phenylala-
nine residues [21]. On the other hand, no bands have
been detected with the periodic acid-silver stain for
carbohydrates suggesting that this protein is not a
glycoprotein [17].
Properties of the puri¢ed binding protein are the
same as those previously reported for the bovine L-
glucuronidase Man6P-independent endocytosis by
human ¢broblasts and the binding of this ligand to
¢broblast membranes [7,8]. Binding of the bovine
acid hydrolase to the isolated protein was inhibited
by the III2b fraction. This fraction, isolated from
pronase digested bovine L-glucuronidase, might con-
tain the recognition marker for the Man6P-independ-
ent endocytosis of this enzyme [8]. Mannose and
Man6P had no detectable e¡ect. No binding was
detected when human L-glucuronidase was the li-
gand. Binding requires of divalent cations, and their
presence was necessary to maintain the receptor^li-
gand complex during washes or antibody additions.
On the other hand, antirabbit antibodies raised
against the isolated binding protein inhibits the pino-
cytosis of bovine L-glucuronidase by human ¢bro-
blasts, but not the endocytosis of human L-glucuro-
nidase. All these observations taken together seem to
indicate that the isolated binding protein from bo-
vine liver membranes could correspond to the pro-
posed receptor for the Man6P-independent endocy-
tosis and targeting of bovine L-glucuronidase to
lysosomes previously detected in human ¢broblasts
[6^8].
If the existence of cation-dependent and cation-in-
dependent Man6P receptors has raised a number of
interesting questions concerning the sorting of lyso-
somal enzymes, the presence of a new receptor that
does not recognize Man6P residues might answer
unresolved questions about the targeting mechanism
for acid hydrolases. The knowledge of the chemical
structure of the newly proposed recognition marker
and of its presence in acid hydrolases other than
bovine L-glucuronidase is essential for the under-
standing of this transport system.
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